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R. G a l l e t  c13 i n t e r p r e t s  c e r t a i n  forms of  VLF emission by 

i n t e r a c t i o n  of a beam of charged p a r t i c l e s  ( e l ec t rons )  with t h e  magne- 
tospher ic  plasma. J. Neugeld and H. PJright c23 have also s tudied  t h e  

i n t e r a c t i o n  of a beam of p a r t i c l e s  (e lec t rons  and ions) with a plasma, 

whose Denisse and L a c r o b  c h a r a c t e r i s t i c  parameter c33 

v a r i e s  from 1 t o  lo6 (which includes the  case of the  magnetosphere 

where lo2 < A < 10 1. !'/e have reconsidered the  base6 of Neufeld and 

Wright's ca lcu la t ions  wi th  the view of i n t e r p r e t i n g  c e r t a i n  na tu ra l  

ULF emissions C43 
d o n 3  the  l i n e s  of force of the E a r t h ' s  magnetic f ie ld ,on t h e  o ther  

6 

on one hand, and the  case of i on iza t ion  d ig t r ibu ted  

C5, 63. 
Vfe conEider a cold plasma, corlposed of e lec t rons  and only one 

kind of ion,  and placed i n  the Earth 'c m a p e t i c  f i e l d  B. For a given 

angle 9 between t h e  f i e l d  B and t h e  wave vec to r  k, t he re  e x i s t  four  

propagation modes C43 . I n  p a r t i c u l a r ,  for s t r i c t l y  t ransverse  raves 

and a t  'p- 0, tile diepereion eauation i E  wr i t t en  

* In t e rp re t a t ion  de cer ta in6  ph6nombnes de l a  magnetosphh-e par  de6 

in6 t a b i l i t  8 6 de plasma. 



Assune then a homogenous, i n d e f i n i t e ,  homokinetic beam of electrons 
and protone., of low densi ty  r e l a t i v e  t o  the plasma i t  crosses .  Thei r  

v e l o c i t y  v is i nc l ined  t o  the f i e l d  B by an angle 9 .  This beam hae 

two na tu ra l  frequencies - the  Langmuir and the gyrofrequency, which are 
sub jec t  t o  Doppler e f f e c t  on account of the  ve loc i ty  v. Limiting our- 
s e l v e s  t o  waves associated t o  gyrofrequency and to  vec tor  k p a r a l l e l  t o  

B, t h e  beam's d ispers ion  equation co r re~ponds  t o  two purely t ransverse  
pulaat ion naves : 

The i n t e r a c t i o n  of the beam w i t h  plasma is represented in Fig. 1 
/ 

by the i n t e r s e c t i o n  of repreeentat ive lines of the  equation (1) in the  

coordinate6 til, k : a, b f o r  t h e  e l ec t ron  beam, c, d fo r  t h e  i on  beam, 

and of curves e,  f f o r  the  plasma, which are representa t ive  of t he  

equation (2). J. Neufeld and H, Wright have shown t h a t  a c r i t e r i o n  of 
i n s t a b i l i t y  made t o  intervene the sign of 
of t h e  two permitted Doppler waves (corresponding t o  the  curve a f o r  the  

e l ec t rons  and t o  the curve d f o r  the ions ) .  

dF/dcu. But they s tud ied  only 

For a beam of e lec t rons  (,a and 9) exa1,ination of the f igure  and 

5 and above c r i t e r i o n  show t h a t  two frequencies are elliitted at po in t s  

bl, such  as and 0 < (oh, < %. A t  any r a t e ,  we obta in  t h e  

same r e s u l t  s t a r t i n g  f rom t h e  c r i t e r i o n  of i n s t a b l i t y  given by Lepechinskg 

and Rolland [SI. 

-Qi < om, < o 

Only s t rongly  r e l a t i v i s t i c  e lec t rons  can induce by t h i s  mechanism 

an emission frequency sens ib ly  d i f f e r e n t  from Qi or 0,. It would not 
be the  same fo r  the exc i t a t ion  of space char?e waves by a very d i l u t e d  

e l  e c t r on be am. 
For t he  proton beam, two,  four o r  s i x  frequencies can be exc i ted  

depending upon the  value of y. 
The point  c1 f o r  t h e  line c corresponds t o  a wave f o r  which 

-Qi< o < 0, l w / f & l *  1[91. The following t ab le  summarizes the d i f f e r e n t  



3. 

pOsSibfi i t ie6 f o r  the o ther  emissions of the  l i n e  d,depending upon the  

value of p. 

extremely low frequency (I m/ai I < Io-') and of another,  o r  th ree  frequencies,  
of which two can be very c lose ,  depending upon the  value of t he  parametere. 

- 
We see t h a t  t h i s  plasma-beam system gives  ray t o  an emission of 

0 

I 

dniiuioo 
O * O  

a b 

Fig. 1. - In t e rac t ion  of a plasma [e, fl with a beam of 
electrons fa I& 
o r  protom-.i$, d o r  c', d' o r  d*,] -... ... -I- 
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Some of these p o s s i b i l i t i e s  provide an i n t e r p r e t a t i o n  of geophy- 

s i c a l  phenomena of t h e  above-mentioned type. 

* * * * *  T H E  E N D  * * * e +  

Translated by ANDRE L.  BRICHANT C.C?n-tE=G -!!o-*-Eses- 4 3 7 6 0 
Consultants and Designers, Inc . on 28 March 1965 

Arlington, Vi rg in ia  
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